Alum (KAl(SO4)2․12H2O) is an inexpensive, efficient, non-toxic and mild catalyst for the synthesis of bis(indolyl)methanes by the reaction of 1H-indole with various aldehydes/ketones under the influence of ultrasound irradiation in solvent-free condition. The remarkable advantages of this method are the simple experimental procedures, shorter reaction times, high yields of product and green aspects by avoiding toxic catalysts and solvents.
Introduction
Indole and its derivatives are known as an important class of heterocyclic compounds in the pharmaceutical as well as synthetic chemistry. 1 The most ubiquitous of the known bioactive alkaloids are based on the indole moiety. 2 Medicinal chemists repeatedly turn to indole based compounds as a target pharmacophore for the development of therapeutic agents.
3 Bis(indolyl)alkanes have attracted considerable attention due to its diverse pharmacological and biological importance. The bioactive substrate including bis(indolyl)-alkanes moiety are widely occurs in various natural products isolated from marine sponge alkaloids. 4 Also, it shows potent antibacterial activity. 5 In particular, bis(indolyl)methanes are the most active cruciferous substances for promoting beneficial estrogen metabolism and including apoptosis in human cancer cells. 6 Numerous methods have been reported for the synthesis of bis(indolyl)methanes using variety of reagents such as, AcOH, 7a However, there are no any reports of the use of alum as a catalyst for the synthesis of bis(indolyl)methanes.
Experimental
Bandelin Sonorex (35 kHz) ultrasonic bath was used for ultrasonic irradiation. 1 H NMR spectra were recorded on Mercury Plus Varian in CDCl 3 at 400 MHz using TMS as an internal standard. IR spectra were recorded on a Perkin-Elmer FTIR using KBr discs. Mass spectra were recorded on Micromass Quattro II using electrospray Ionization technique, showing (m+1) peak as a base peak. The progress of the reactions was monitored by TLC.
General Procedure
A mixture of 1H-indole (5 mmol), aldehyde (2.5 mmol) and powdered alum (10 mol%) was irradiated under ultrasound irradiation at ambient temperature for appropriate time (Table  4 ). The progress of reaction was monitored by TLC. After the completion of reaction 20 mL ice cold water was added to the reaction mixture. The solid obtained was filtered and recrystallized from ethanol to get the pure product.
Result and Discussion
In continuation of our interest in synthesis of bis(indolyl)-methanes 10d and the development of novel synthetic metho-N H Alum (10 mol%) 16i,17 herein, we would like to report a simple, efficient and rapid method for the synthesis of bis(indolyl)methanes (Scheme 1). It was found that alum is an effective promoter in the synthesis of bis(indolyl)methanes by the reaction of 1H-indole with aryl and heteroaryl aldehydes under ultrasound irradiation.
In order to get the best experimental reaction condition, the reaction of 1H-indole 1 and benzaldehyde 2a (in 2:1 molar ratio) in the presence of 20 mol% of alum under solvent-free condition has been considered as a standard model reaction.
We have investigated the model reaction by grinding at ambient temperature, 60 o C or 100 o C and by ultrasound irradiation method. When the reaction was carried out by grinding method, the product obtained in low yield (Table 1 , Entry 1). In the next step, we carried out the reaction at 60 o C and 100 o C which provided the product in almost similar yields after 60 min (Table1, Entry 2-3). However, the best result was obtained by ultrasound irradiation at ambient temperature and the product was obtained within 10 min in 92 % yield (Table 1 , Entry 4).
To determine the appropriate concentration of the catalyst alum, we investigated the model reaction at different concentrations of catalyst like 2.5, 5, 7.5, 10 and 12.5 mol% under ultrasound irradiation. The product formed in 74, 80, 85, 92 and 92 % yield respectively. This indicates that 10 mol% of alum is sufficient for the best result (Table 2, Entry 4).
To establish the generality with respect to the carbonyl compounds; 1H-indole were treated with various aldehydes and ketones in the presence of alum under the influence of ultrasound irradiation. It was observed that aryl aldehydes were reacted faster (5-15 min) and providing excellent yields 85-95 % (Table 3 , Entry 1-10). In case of α-β unsaturated aldehyde the product formed in 83 % yield. (Table 3 , Entry 11). In comparison with these results, heteroaryl aldehydes forms their respective bis(indolyl)methanes in longer times (17-20 min) with 88-90 % yields (Table 3, . Unfortunately ketones were afforded the desired product in lower yield (Table 3 , Entry 15-16).
Various substituted aryl aldehydes were used for the synthesis of bis(indolyl)methanes having different substituents such as -Cl, -OH, -NO 2 , -Me, -OMe. It was found that; electron donating substituent requires longer time where as electron withdrawing substituent requires shorter time for the completion of reaction (Table 3 , Entry 4 and 8).
With these optimized reaction conditions; we have carried out the reaction of 1H-indole (1) with various aryl or heteroaryl aldehydes/ketones (2a-l) in the presence of alum (10 mol%) under the influence of ultrasound irradiation at ambient temperature. The corresponding bis(indolyl)methanes (3a-l) were formed within short reaction times in excellent yields and confirmed by IR, 1 H NMR, Mass spectroscopic analysis. 18 The results are summarized in Table 3 . In order to show the merit of alum in comparison with other catalysts used for the similar reaction, we have tabulated some of the results in Table 4 . As it is evidence from the results, alum found to be effective catalyst for the synthesis of bis(indolyl)methanes.
Conclusion
In conclusion, alum is an easily available, inexpensive, efficient and safe catalyst for the synthesis of bis(indolyl)-methane derivatives from various aryl or heteroaryl aldehydes by ultrasound irradiation. The remarkable advantages offered by this method are simple experimental procedure, solventfree reaction conditions, short reaction times, high yields, and easiness of product isolations.
